Antimetabolites have been used for some time in the treatment of malignant disorders. properties for this compound in transplanted fibrosarcoma in Swiss mice (2-4). Since the compound showed promising results in experimental cancer, it was decided to inves tigate some of its pharmacological actions.
Antimetabolites have been used for some time in the treatment of malignant disorders. properties for this compound in transplanted fibrosarcoma in Swiss mice (2) (3) (4) . Since the compound showed promising results in experimental cancer, it was decided to inves tigate some of its pharmacological actions.
Dicetol was found to produce marked pharmacodynamic effects in experimental ani mals. Various aspects of this problem are presented in this paper.
MATERIALS AND METHODS
All experiments were carried out with mice (Swiss strain), rats (Wistar strain) and cats. Dicetol in N/250 sodium bicarbonate (pH 8) was administered in varying doses intravenously (i.v.) in mice and rats and the effects were noted. The fluid injected did not exceed 0.2 ml. It was previously ascertained that the same volume of the solvent did not produce any effects in mice. On the basis of the effect seen, the dose causing convulsions in 50% of the animals (CD,,) was calculated by the method of Litchfield and \Vilcoxon (5) . The effects of dicetol on pentobarbital and ether induced sleeping time were also noted. Dicetol was injected in varying doses, i.v., followed 30 minutes later by pentobarbital sodium, 50 mg/kg, intraperitoneally (i.p.). In the ether hypnosis experiments, dicetol was injected i.v. in a dose of 40 mg/kg and 30 minutes later, the animals were placed individually under a beaker of 500 ml capacity and exposed for 2 minutes to 2 ml of ether.
Since dicetol caused convulsions in mice, the effect of reserpine on dicetol induced convulsions was also studied. Reserpine was administered in a dose of 2.5 mg/kg i.p. for two consecutive days and dicetol injected 24 hours after the last dose of reserpine.
Brain acetylcholine : Dicetol was administered to a group of 12 mice in a dose of 80 mg/kg i.v. Picrotoxin was used for comparison and was injected in a dose of 0.25 mg/kg i.p. to another group of 12 mice. Solvent injected animals acted as controls. All four groups of animals were sacrificed by decapitation 5 and 30 minutes after injection and the brain acetylcholine content estimated by the method of Richter and Crossland (6) . Assays were performed on pooled samples consisting of the brains of two animals each.
Absorption studies: In order to study the absorption, the drug was given by intragastric tube to a group of 6 rats in a dose of 250 mg/kg dissolved in 4 ml of N/250 sodium bicarbo nate. Since the drug was found not to be absorbed, it was decided to study its absorp tion from the duodenum. Rats were anesthetised with ether or pentobarbital sodium, 50 mg/kg i.p. Six rats were put under ether anesthesia and dicetol introduced into the second part of the duodenum. A control group received solvent. Both treated and control groups were observed for 10 days for any evidence of toxicity. Another group of 12 rats was anesthetized with pentobarbital. Dicetol was introduced into the first and second parts of the duodenum in 6 rats, acting the other 6 as controls. The effect of the drug on sleeping time was observed to assess the degree of absorption, if any. The animals were observed for 4 hours for behavioural changes and then for mortality at the end of 24 hours and again at the end of five days.
In sub-acute toxicity studies, a group of 15 rats received 200 mg/kg of dicetol orally daily. The animals were observed daily for behavioural changes, anorexia and loss of body weight. Hematological examinations were performed every 10 days. The rats were sacrificed in groups of 5 on the 10th, 20th and 30th days and the liver, kidney, brain and intestines were examined histologically.
Studies in anesthetized cats : Since the drug was found to produce convulsions in mice and rats, its effects were studied in 16 anesthetized cats. The cats were anesthetized with ether and maintained on chloralose, 80 mg/kg, i.v. Carotid artery blood pressure was re corded by a mercury manometer, respiration by a Marie's tambour and, in 3 experiments, end respiratory CO, was measured by an infrared CO, analyser (Godart). Drugs were introduced via the femoral vein. The effects of varying doses of dicetol were observed and compared with those of requisite volumes of N/250 sodium bicarbonate. In order to establish a central site of action, the drug was administered intracerebral ly in cats. In six experiments, a cannula was introduced into the lateral ventricle by the method described by Feldberg and Sherwood (7). To and fro head movements were recorded by means of a vertically fixed thread.
Drug effect was also studied in 3 experiments in which animals were made spinal by the anterior approach described by Zapro and Dipalma (8) .
Studies on isolated tissue : The effects of dicetol on a section of the terminal ileum of guinea pig, suspended in oxygenated Tyrode solution at 37°C and on isolated frog rectus abdominis muscle, suspended in oxygenated frog Ringer solution at room temperature were noted. The effect of dicetol on the contractions of guinea pig ileum induced by acetylcholine (10 ng/ml of bath), histamine (20 ng/ml of bath) and barium chloride (10 itg/ml of bath) and those of frog rectus abdominis muscle induced by acetylcholine (0.2 ieg/ml of bath) were also studied. Rabbit's heart, obtained from freshly killed animals (1.5 to 2.0 kg) was perfused with oxygenated Ringer solution at 35 C (9) (Langendorff preparation). The ventricular contractions were recorded with a spring lever, on a smoked drum. The rate and force of contractions were noted and the outflow from the heart was measured to determine coronary flow. Dicetol was injected into the side arm of the aortic cannula. Increasing doses in logarithmic proportion were used. 
RESULTS
The convulsant action of dicetol Intravenous administration of dicetol in mice and rats produced severe clonic seizures. The convulsions came on im mediately and invariably resulted in death. Fig. 1 shows the dose response curve ob tained in mice using 10 animals per dose.
The CCD,, was found to be 52.0 mg/kg (45.5 to 57; 95°,', confidence limits).
The effect of dicetol on CNS depressants There was an effective and specific antagonism between dicetol and pentobar bital. Table I indicates very clearly that there was a significant reduction in the pentobarbital sleeping time after the admi nistration of dicetol, 10, 20 and 30 mg/kg, i.v. (P<0.01), while there was no effect on ether induced anesthesia ( Table 2 ).
The effect of reserpine on dicetol induced conz'ul sions Previous reserpinization did not affect the convulsant action of dicetol significantly. Fig. 1 shows the dose response curves for dicetol in animals with and without reser pine treatment. The CD,, for reserpinized animals was found to be 47.5 mg/kg (42 tc 52.5; 95% confidence limits). This change in the CD,, was not statistically significant.
The effects of dicetol and picrotoxin on brain aceylcholine Fig. 2 shows the changes in brain ace tylcholine content after the administration of dicetol and picrotoxin. Dicetol in a dose of 80 mg/kg produced severe convulsions im mediately after administration, which lasted for over 30 minutes. However, there was no change in brain acetylcholine content at 5 and 30 minutes after the administration of dicetol. On the other hand, picrotoxin caused a significant reduction in brain ace tylcholine content at the end of 30 minutes (P<0.001).
The absorption of dicetol Since dicetol was found to be a power ful convulsant by the intravenous route, the drug was administered orally to rats. In all the animals tested, a dose of 250 mg/kg , i.e., about 5 times the CD50 by the intravenous route, failed to produce any effects. Further, in these rats, the pentobarbital sleeping time was not affected. All the animals recovered completely and were normal over the period of observation, viz., 10 days.
Subacute toxicity
Two hundred mg/kg of dicetol administered orally failed to produce any changes in food intake, weight or behavioural patterns in rats. There was no change in the hemato logical patterns. Histological examination of the liver, intestines, brain and kidney reveal ed no changes. The effects of dicetol in anesthetized cats Dicetol produced a sustained rise in the blood pressure in doses ranging from 10 to 40 mg/kg. A dose of 40 mg/kg produced severe clonic convulsions. Associated with the rise in blood pressure, there was a marked tachypnoea, resulting in lowered alveolar pCO2j as evident from the end expiratory CO, measurements. With 40 mg/kg of dicetol, the end expiratory pCO2 fell from 4.6% to 3%, while with 20 mg/kg, it fell to 3.8%. Fig. 3 illustrates the effects of dicetol on blood pressure and respiration. Dicetol, 20 mg/kg i.v., produced violent head movements (Fig. 4) . The effect lasted for a short time and could be reproduced by repeating the injection, thereby showing that there was no tachyphy laxis.
Intracerebroventricular (ICV) administration of dicetol in a dose of 5 mg produced a similar rise in blood pressure, but there were no head movements, as were observed after intravenous administration (Fig. 5) . There was marked twitching of the facial muscles as well as the muscles of the neck. The ICV administration of 0.2 ml of the solvent, N/250 sodium bicarbonate, did not produce any effects. It was further noted that the head movements produced by the intravenous administration of dicetol could be terminated by the ICV administration of 400 ieg of pentobarbital (Fig. 6) .
In spinal animals, the effects of dicetol on the blood pressure were preserved, while the clonic convulsions gave way to those of the tetanic type. The effect of dicetol on isolated tissue Dicetol in a dose of 100 jig/ml of bath failed to produce any action on guinea pig ileum or frog rectus abdominis muscle, nor did it affect the contractions of these preparations induced by acetylcholine, histamine and barium chloride.
However, 400 /eg of dicetol produced a marked inhibition of the ventricular contrac tions of isolated rabbit heart. There was a slowing of the rate and a decrease in the coro nary flow. N/250 sodium bicarbonate did not produce any effect (Fig. 7) . Dicetol produces a heightened excitability of the entire neuraxis, although the primary site of action appears to be rostral. In cats, it produces respiratory stimulation accom panied by a marked fall in the end expiratory pCO,. In spinal animals, dicetol induces twitching of skeletal muscles and at larger doses, tetanic contractions. However, the ef fects of dicetol are not potentiated by previous reserpinization, as in the case of other convulsants, like leptazole.
A number of investigators have found that the occurence of convulsions, induced either pharmacologically or electrically, is associated with a lowering of cerebral acetyl choline (12) . In the present study, picrotoxin produced a significant lowering of the whole brain acetylcholine content in mice, whereas dicetol failed to produce any alterations. Gamma butyrolactone produces an anesthesia like state in animals and is reported to cause an increase in the acetylcholine content of the brain (13). Giarman and Pepeu (14) have shown that iproniazide produces convulsions without lowering brain acetylcholine content. It appears, therefore, that changes in brain acetylcholine content may be a result of many complex biochemical changes in neuronal activity.
Sahasrabudhe et al. (3) have proposed that dicetol acts on the HMP pathway of glucose metabolism in cancer cells. However, Nadkarni (15) has reported that dicetol has a more generalized action on glucose metabolism in bacteria. From our results, it is evident that dicetol may have similar generalized actions on the metabolism, especially in the brain, of higher animals.
Dicetol, introduced into the stomach by gavage, or by a direct injection into the small intestine, to bypass the acid medium of the stomach, failed to produce any pharmacological actions. It may be inferred, therefore, that dicetol is not absorbed from the gastro-intesti nal tract. This is further evident from the fact that chronic administration of dicetol (200 mg/kg, p.o.) did not produce any behavioural changes nor was there any evidence of his tological abnormalities in the tissues examined. This may be the reason for the failure of any observable response in patients with cancer after oral administration of the drug (10). SUMMARY 1. Dicetol was found to be a potent convulsant in mice, rats and cats, the CD," in mice being 52 mg/kg.
2. The convulsant action was antagonized by barbiturate and was not potentiated by previous reserpinisation.
3. Dicetol failed to influence brain acetylcholine levels.
4. The significance of these findings is discussed.
